Objective: The effect of prestroke aspirin use on initial severity, hemorrhagic transformation, and functional outcome of ischemic stroke is uncertain. Methods: Using a multicenter stroke registry database, patients with acute ischemic stroke of three subtypes (large artery atherosclerosis [LAA], small vessel occlusion [SVO], or cardioembolism [CE]) were identified. NIH stroke scale (NIHSS) and hemorrhagic transformation at presentation and discharge modified Rankin Scale (mRS) were compared between prestroke aspirin users and nonusers. Results: Among the 10,433 patients, 1,914 (18.3%) reported prestroke aspirin use. On crude analysis, initial NIHSS scores of aspirin users were higher than nonusers (mean difference: 0.35; 95% confidence interval [CI]: 0.04-0.66). However, a multivariable analysis with an application of inverse probability of treatment weighting based on a propensity score of prestroke aspirin, having an interaction effect of prestroke aspirin use and stroke subtype in the model, showed less stroke severity for aspirin users in LAA, but not in SVO and CE than for nonusers; mean difference in NIHSS scores in LAA was -0.97 (95% CI: -1.45 to -0.49). With respect to hemorrhagic transformation and mRS, no significant interaction effects were found. Prestroke aspirin use increased the risk of hemorrhagic transformation (adjusted odd ratio: 1.34; 95% CI: 1.05-1.73), but decreased the odds of the higher discharge mRS (0.86; 0.76-0.96). Interpretation: Prestroke aspirin use may reduce initial stroke severity in atherothrombotic stroke and can improve functional outcome at discharge despite an increase of hemorrhagic transformation irrespective of stroke subtype. ANN NEUROL 2016;79:560-568 A spirin is well known to prevent stroke and cardiovascular disease in high-risk persons; however, its value as a preventive in persons with low and medium cardiovascular risk profiles has not been proven. 
may reduce initial stroke severity and improve overall clinical outcome. [4] [5] [6] [7] [8] [9] [10] Some studies have shown an association between prestroke antiplatelet use and lesser stroke severity, [4] [5] [6] whereas others have not. [7] [8] [9] Furthermore, there is a paucity of clinical trial information about the possible aforementioned benefits of prestroke aspirin use balanced against the risk of hemorrhagic transformation, a most worrisome adverse event associated with aspirin administration.
We have previously reported that the effect of past antiplatelet use on initial stroke severity may differ by stroke subtype. 11 The difference in baseline National
Institutes of Health Stroke Scale (NIHSS) scores between the prestroke antiplatelet users and nonusers was significant only in patients with large artery atherosclerosis (LAA), but not in those with cardioembolic stroke (CE) and small vessel occlusion (SVO). This led us to conclude that stroke subtype was an important consideration when judging the possible benefits of prestroke aspirin administration. However, our previous report 11 had several limitations: a small-sized, single-hospital-based study; no analysis of bleeding risk or clinical outcome; and heterogeneity in types of antiplatelet agents included in the analysis.
In the absence of high-level evidence from randomized, controlled clinical trials, observational data from a large clinical registry can be useful, if confounding, because of imbalances of baseline variables can be adequately controlled for in the analysis. 12 Using a prospective multicenter stroke registry database, 13 this study aimed to investigate the effect of prestroke aspirin use on stroke severity, hemorrhagic transformation at presentation, and functional outcome at discharge according to ischemic stroke subtype.
Materials and Methods
This study was a retrospective analysis based on the Clinical Research Center for Stroke-5th division (CRCS-5) registry database. 13, 14 The CRCS-5 registry is a prospective Web-based registry of ischemic stroke patients who were admitted to participating university hospitals or regional stroke centers in South Korea since 2008. For the purpose of monitoring and improving the quality of stroke care, data on demographics, vascular risk factors, stroke characteristics, including stroke subtype, diagnostic studies, in-hospital management, other laboratory findings, and functional outcomes, were prospectively collected using a standardized protocol. Details of the registry database are available elsewhere. 13, 14 Using the registry, we identified consecutive patients with ischemic stroke who were admitted to the 12 participating centers within 7 days of symptom onset between April 2008 and September 2012 and had relevant cerebral lesions on diffusionweighted magnetic resonance imaging (DWI) consistent with acute ischemic stroke. Exclusion criteria were (1) stroke subtypes of other determined or undetermined etiology, (2) prestroke use of antithrombotics other than aspirin within 7 days of stroke onset, or (3) no information on study variables for the current analysis.
Collection of clinical information for the CRCS-5 registry was approved by the local institutional review boards (IRBs) of all participating centers with a waiver of informed consent because of the provisions of study subject anonymity and determination of minimal study risk to participants. Also, use of the registry database and additional review of medical records for this study was approved by the local IRBs.
The following data were obtained from the registry database: (1) age, sex, and systolic and diastolic blood pressure at presentation; (2) fasting glucose and fasting low-density lipoprotein (LDL) cholesterol; (3) history of hypertension, diabetes mellitus, hyperlipidemia, smoking, atrial fibrillation, coronary artery disease and past stroke; (4) stroke subtypes, classified as LAA, SVO, CE, stroke of undetermined etiology, and stroke of other determined etiology according to the Trial of ORG 10172 in Acute Stroke Treatment (TOAST) criteria 15 with minor modifications 16 ; (5) initial stroke impairment measured by NIHSS score, prestrike, and discharge functional disability measured by the modified Rankin Scale (mRS) score and use of thrombolytic therapies; (6) brain magnetic resonance imaging (MRI) findings, including DWI, and T2-weighted gradient echo MRI (GE-MRI); (7) hemorrhagic transformation at presentation (on initial MRI); and (8) use of antithrombotic drugs and statins preceding stroke. Prestroke aspirin (PA) users were defined as patients who had taken aspirin within 7 days before stroke onset to prevent vascular events. Nonusers (non-PA users) were those who had not taken this antithrombotic drug during the time period. Temporary aspirin users taking aspirin for the purpose other than preventing vascular events were classified as nonaspirin users. Presence of hemorrhagic transformation was determined based on the formal readings of the initial brain MRI, including GE-MRI. Local investigators routinely reviewed neuroimages in the course of diagnosis and treatment of individual patients.
Outcome measures were initial NIHSS scores, presence of hemorrhagic transformation at presentation, and discharge mRS scores.
Statistical Analysis
Comparisons of baseline characteristics for study subjects (Table  1 ) and outcomes by stroke subtypes were made between the PA and non-PA users. For the comparisons, the Student t test and Pearson's chi-squared test was used according to types of variables, as appropriate.
To address an imbalance of baseline characteristics between the PA and non-PA users, we used a propensity score (PS) analysis with an inverse probability of treatment weighting (IPTW) method. To obtain the PS, a probability of a subject receiving PA, a PS model was first developed using a multiple logistic regression model, in which all variables shown in Table  1 (except stroke subtype) were included. 17 The discrimination ability of the model was examined using c-statistics (c 5 0.777). This score was used in the subsequent multivariable analyses for an outcome model with the IPTW method, where subjects who received PA were weighted by an inverse of their PS whereas those who received non-PA were weighted by an inverse of 1 minus PS. 18 When applying the IPTW method, a stabilized weight was used to maintain the number of subjects used in the weighted analysis as the number of original study subjects and to yield more precise interval estimates closer to 95% coverage probabilities.. 19, 20 To assess the likelihood of balancing baseline covariates between the two groups, a generalized estimating equation (GEE) analysis was performed by comparing absolute standardized differences of covariates before and after applying the PS analysis with stabilized IPTW. An absolute standardized difference <10% for a baseline covariate indicates a relatively small imbalance between groups. In the outcome models, an interaction term between prestroke aspirin use and TOAST classification was included to examine whether the classification modified an effect of the aspirin use on outcomes. Effects of prestroke aspirin use were presented either as mean difference between the PA and non-PA users and its 95% confidence intervals (CIs) for initial NIHSS scores, odds ratios (ORs) compared with no use and their 95% CIs for the presence of hemorrhagic transformation at presentation, or common ORs with 95% CIs for a shift in the direction of a higher mRS score at discharge (worse outcome). Specifically, binary logistic regression analysis was performed to examine the effect of prestroke aspirin use on the presence of hemorrhagic transformation at presentation, whereas ordinal logistic regression analysis with the proportional odds model was employed to evaluate its effect on the value of mRS scores at discharge. In the ordinal logistic regression analysis, we employed six levels of mRS by collapsing its value of 5 and 6 into a single level of extreme disability or death, and an assumption of proportional odds was satisfied. Therefore, the cumulative ORs can be interpreted as an OR of prestroke aspirin use for having a higher mRS compared to a lower mRS with any cut-off point of mRS level after controlling for covariates. 21 Table 1 ). Table 1 presents comparisons of baseline characteristics between the PA and non-PA users. Meaningful imbalances (p values < 0.2) were detected for age, sex, hypertension, diabetes mellitus, hyperlipidemia, smoking, atrial fibrillation, history of transient ischemic attack (TIA), history of stroke, history of coronary artery disease, systolic blood pressure, diastolic blood pressure, platelet count, glucose, glycosylated hemoglobin, LDL cholesterol, creatinine, international normalized ratio (INR), pre-stroke mRS of 0, stroke subtype (TOAST classification), previous statin use, and thrombolysis. After adjustments with IPTW using propensity scores, all the covariates were well balanced within a standardized difference of 0.1 except hypertension (Supplementary Table 2) .
On crude analysis, the PA users had a higher initial NIHSS score than the non-PA users ( [-1.43 to -0.50]), whereas this was not the case in those with SVO and CE stroke subtypes (Table 2 ; Fig 1) . Hemorrhagic transformation at presentation was more frequently observed in the PA users compared to the non-PA users (7.4% vs 4.3%; p < 0.001 for crude analysis), and the increased risk of hemorrhagic transformation with prestroke aspirin use was significant in the traditional multivariable analysis as well as the IPTW analysis with additional adjustments (Table 3 ). In contrast to baseline NIHSS, no significant interaction was found between prestroke aspirin use and stroke subtype (Supplementary Table 3 ).
The median value in the discharge mRS scores was lower in the PA users than the non-PA users, and, similar to hemorrhagic transformation, there was no significant interaction between prestroke aspirin use and stroke subtype (Supplementary Table 3 ; Fig 2) . The ordinal logistic regression analysis with IPTW and additional adjustments for covariates and in-hospital antithrombotic drug use provided the adjusted common OR of 0.86 in favor of prestroke aspirin use (Table 3) . A shift in distribution of discharge mRS scores favoring prestroke aspirin use after applying IPTW is given in Figure 3 .
As post-hoc sensitivity analysis, analyses for hemorrhagic transformation at presentation and discharge mRS were repeated after excluding 1,254 patients receiving thrombolysis. The results were similar to those of the original analysis; prestroke aspirin use decreased the odds of worse functional outcome (a higher mRS score) at discharge despite an increased risk of hemorrhagic transformation at presentation. There was no significant interaction between prestroke aspirin use and stroke subtype with respect to hemorrhagic transformation and discharge mRS (Supplementary Table 4 ).
Discussion
The main findings from our study can be summarized as follows: (1) There was a beneficial effect of prestroke aspirin use in relation to the reduction of initial stroke severity according to stroke subtype. The effect was evident in atherosclerotic stroke, but not in other subtypes, such as lacunar or cardioembolic stroke, and (2) although prestroke aspirin increased the risk of hemorrhagic transformation, it was associated with better short-term functional outcome irrespective of stroke subtype.
Aspirin may reduce stroke severity by limiting clot size, extent of thrombosis, and subsequent embolism. 23 In addition, aspirin may benefit patients with acute ischemic stroke by improving the microcirculation in the ischemic penumbra through inhibition of platelet-derived vasoconstrictors, such as thromboxane A2. [24] [25] [26] Antiinflammatory and neuroprotective effects can be expected as other beneficial mechanisms. [27] [28] [29] recommend oral administration of aspirin within 24 to 48 hours of stroke onset in patients with acute cerebrovascular disease to reduce mortality and unfavorable outcomes. 30 Our finding suggests that persons already taking aspirin may have better outcomes associated with acute ischemic stroke than those who are not already taking aspirin. This study shows that the effect of prestroke aspirin use on reducing stroke impairment differs by stroke mechanism. Different from myocardial infarction, arteryto-artery embolism is a dominant mechanism of atherosclerotic stroke. 31 Aspirin may reduce not only the possibility of embolization from an unstable plaque, but also the size of emboli. 32 Theoretically, antiplatelet therapy may be less beneficial in lacunar stroke than atherosclerotic stroke. In addition, potent antiplatelet therapy is known to increase the risk of bleeding in patients with lacunar stroke. 33 With respect to atrial fibrillation, the most common cause of cardioembolic stroke, a metaanalysis and a recent clinical guideline suggested no or minimal effect of aspirin, especially for primary prevention. 34, 35 All of these results support our findings that prestroke aspirin use is more beneficial in patients with LAA than other stroke subtypes. Risk of bleeding is increased by use of aspirin. It is well known that hemorrhagic transformation is expected to worsen clinical outcome in ischemic stroke patients. Therefore, it is anticipated that a good outcome in prestroke aspirin users may be attributed to a beneficial effect of prestroke aspirin use in those without hemorrhagic transformation. We estimated the effect of prestroke aspirin use on discharge mRS according to hemorrhagic transformation by introducing the presence of hemorrhagic transformation into the multivariable model with stabilized IPTW as a covariate and an interaction term between prestroke aspirin use and hemorrhagic transformation. As expected, the beneficial effect of prestroke aspirin use was only significant in patients without hemorrhagic transformation . However, interaction between hemorrhagic transformation and prestroke aspirin use was not significant (p 5 0.912). Therefore, we could conclude that prestroke aspirin use improved outcome, but this was independent of hemorrhagic transformation.
FIGURE 2: Distribution of modified Rankin Scale scores at discharge according to prestroke aspirin use before applying inverse probability of treatment weighting. CE 5 cardiac embolism; IPTW 5 inverse probability of treatment weighting; LAA 5 large artery atherosclerosis; PA 5 prestroke aspirin; SVO 5 small vessel occlusion. In the analysis of the Safe Implementation of Treatments in Stroke International Stroke Thrombolysis Register (SITS-ISTR), the risk of symptomatic intracerebral hemorrhage after intravenous thrombolysis was higher in the prestroke aspirin users compared with the no antiplatelet user group 36 ; however, the risk was small compared with the benefit of thrombolysis. Because of the retrospective nature of this study, we could not analyze clinical impacts of hemorrhagic transformation at presentation on individual patients, and hence the relationship between hemorrhagic transformation and symptomatic deterioration could be considered uncertain in our study. However, potential residual confounding by thrombolysis on the association of prestroke aspirin use with hemorrhagic transformation and functional outcome was analyzed by sensitivity analysis excluding patients receiving thrombolysis, which showed no meaningful influence of thrombolysis on the study results. Baseline characteristics were quite different between the PA and non-PA users, as observed previously. 7 An imbalance according to aspirin use was expected and inevitable, which may not be easily overcome by usual methods of multivariable analysis. It has been suggested that use of propensity scores eliminates a greater proportion of baseline imbalances between two groups than does covariate adjustment or stratification. 37 It should be noted, however, that use of propensity scores cannot eliminate bias because of unmeasured confounders. Aspirin users may have higher socioeconomic status and therefore have better access to health care and better control of vascular risk factors than nonusers. In this context, aspirin would merely be a surrogate of better medical care. Education level is a well-known variable that represents socioeconomic status. As a post-hoc analysis, we included education level in the PS model to adjust for socioeconomic status and thus potential accessibility to health care. Education level was divided into uneducated or illiterate, 0 to 6 years, 7 to 12 years, and over 13 years of schooling. Education level was missing in 1,147 (11.0%) out of 10,433 patients. A subject's propensity score was then recalculated using the 23 variables listed in Table 1 and education level (Supplementary Table 5 ). After applying the stabilized IPTW, the impacts of prestroke aspirin use on initial NIHSS, hemorrhagic transformation at presentation, and discharge mRS were attenuated, but grossly unchanged (Supplementary Tables  6 and 7) . Therefore, and based on our assumptions, we do not believe that accessibility to health care would substantially change the main results. This study has several limitations. First, although we attempted to control confounding using IPTW, the lack of randomization still leads to the possibility of existing unknown sources of biases that may have influenced the findings of this observational study. In particular, use of aspirin for prevention of thrombotic events could be a clinical indicator for a greater severity of illness. This unmeasured confounder, however, would have led to bias toward the null. 38 That is, the bias would suppress a positive effect, if any, of prestroke aspirin use, which supports the robustness of our findings. Second, because did not consider initial infarct size and occurrence of stroke recurrence or progression during hospitalization in the analysis, the mechanism to explain the reduction of initial severity and the improvement of discharge outcome by prestroke aspirin use could not be explored in this study. Third, we assessed functional outcome of stroke with mRS at discharge instead of at 3 months. A 3-month mRS is a more generally accepted outcome measure in clinical studies. 39 However, mRS at 7 to 10 days has been reported to strongly correlate with 3-month mRS. 40 Fourth, we had no information on duration of prestroke aspirin use. However, based on the predetermined definition of prestroke aspirin use in our stroke registry, most aspirin administration was for the purpose of primary or secondary prevention of vascular events and may be assumed as chronic use. The effect of temporary aspirin use for other indications was not evaluated. Last, the data were prospectively collected, but retrospectively extracted from a pre-existent registry database and thereby might not be as accurate as those data from clinical trials. However, to ensure the quality of data, the data were collected by trained registrars using standardized protocols and the overall process of case registration, monitoring of the data quality, and inquiry and correction of erroneous data were managed and supervised through monthly meetings by a steering committee; the details of these processes are published elsewhere. 13, 14 In conclusion, this study suggests that aspirin may reduce stroke severity, at least for atherosclerotic stroke, and improve functional outcome even when it fails to prevent stroke. The effect of prestroke aspirin may act differently according to stroke mechanism on reducing stroke severity. A further examination of its clinical implication should therefore be necessary.
